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Abstract: 17 

 18 

Normal solar wind flows and intense solar transient events interact directly with the upper 19 

Martian atmosphere due to the absence of an intrinsic global planetary magnetic field. Since the 20 

launch of the Mars Atmosphere and Volatile EvolutioN (MAVEN) mission, there is now a means 21 

to directly observe solar wind parameters at the planet’s orbital location for limited time spans. 22 

Due to the craft’s highly elliptical orbit, in situ measurements cannot be taken while MAVEN is 23 

inside Mars’ magnetosheath. In an attempt to model solar wind conditions during these 24 

atmospheric and magnetospheric passages, this research project utilizes the solar wind forecasting 25 

capabilities of the Wang-Sheeley-Arge-ENLIL+Cone (WEC) model. These sets of tools are 26 

maintained at the Community Coordinated Modeling Center (CCMC). In this study, the model has 27 

simulated solar wind parameters such as plasma pressure, temperature, particle density, velocity 28 

and magnetic field properties during the time period from December 2015 to March of 2016, with 29 

an additional extended simulation from late November 2014 to March 2016. The accuracy of the 30 

model was examined for intervals when MAVEN was considered to be in upstream solar wind, 31 
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i.e., with no exospheric or magnetospheric phenomena altering the in situ measurements. It was 32 

determined that the WEC model has the capability to provide statistically similar baseline values 33 

for continuous solar wind knowledge. These baseline values can be further improved upon in 34 

accuracy when smaller time scales (e.g. 1-2 Carrington rotations) are analyzed.  Generally, this 35 

study aims to provide a larger context of solar wind driving during gaps in the in situ 36 

measurements.  37 

 38 

1. Introduction 39 

 40 

With the insertion of MAVEN into Mars’ orbit on 21 September 2014 (Jakosky et al., 41 

2014) new data coming in are being pored over as MAVEN provides first-hand observations of 42 

the long-term effects of solar transient events on Mars’ atmosphere. This provides insight 43 

regarding the evolution of the planetary atmosphere. In an attempt to model solar wind conditions 44 

during the MAVEN mission, the WSA-ENLIL+Cone (WEC) model was used for the time period 45 

of December 2015 to March 2016, and then a separate run that captured solar wind trends from 46 

late November 2014 to March of 2016 [Arge and Pizzo, 2000, Odstrčil, 2004, Xie et al., 2004]. 47 

We report here on the accuracy of the WEC model’s predictions of solar wind parameters such as 48 

velocity of the plasma, particle density, pressure, temperature and interplanetary magnetic field 49 

strength from the two separate runs. With extensive analysis of the WEC model’s performance, 50 

there is a possibility of using the model values for times when MAVEN is unable to obtain in situ 51 

measurements during deep-dip campaigns. The aim of this study was to take predictions from the 52 

WEC model for the first detailed run and compare them to the orbit-averaged in situ measurements 53 

to check for statistical similarities. Then to take the second extended time period and determine if 54 

its results were at all comparable to the detailed run. The goal is to use extended runs to provide 55 

continuous solar wind forcing knowledge even if they do not contain all documented solar transient 56 

events. From this we can therefore have a continuous record of solar wind forecasting around 57 

Mars’ orbital location. 58 

 59 

 60 

 61 

2. Background 62 
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 63 

2.1 The MAVEN Mission 64 

 65 

 MAVEN is in a highly elliptical orbit with a low altitude periapsis of ~150 km, that allows 66 

it to enter and exit the magnetic pileup boundary (MPB) and the bow shock (BS) once every orbit, 67 

regardless of the boundary altitudes changes [see Edberg et al., 2009]. MAVEN therefore can 68 

measure the solar and solar-wind energetic input into the upper atmosphere [e.g., Jakosky et al., 69 

2015]. Compared to the other missions to study Mars’ atmosphere, MAVEN provides the most 70 

comprehensive measurements that are essential to the understanding of the time evolution of the 71 

Martian atmosphere. For example, the Mars Global Surveyor (MGS) which orbited Mars for ten 72 

years (losing signal in November of 2006, "Mars Global Surveyor") had instruments on board that 73 

were never designed to observe such phenomena as Interplanetary Coronal Mass Ejections (ICME) 74 

and Solar Energetic Particles (SEP) [Falkenberg et al., 2001]. Another recent European mission, 75 

the Mars Express (MEX), has a different scientific focus and therefore does not include a 76 

magnetometer and only has atmospheric/ionospheric instruments such as the Energetic Neutral 77 

Ion analyzer [Barabash et al., 2006]. MAVEN, on the other hand, includes a complete set of 78 

atmosphere-measuring and contextual instruments such as the Solar Wind Electron Analyzer 79 

[Mitchell et al., 2015] and the Solar Wind Ion Analyzer [Halekas et al., 2013]. However, as 80 

MAVEN ascends or descends into the bowshock and other layering regions, there are time periods 81 

when there is no method to extract data on solar wind parameters such as the velocity of the plasma, 82 

particle density, pressure, temperature and magnetic field properties. This is where solar wind 83 

forecasting models can be utilized to predict supplemental solar wind parameter values [e.g. 84 

Dewey et al., 2017]. 85 

 86 

2.2 WSA-ENLIL+Cone (WEC) Background 87 

 Among the numerous (38) space weather models that the Community Coordinated 88 

Modeling Center (CCMC) has to offer, the semi-empirical near-Sun Wang-Sheeley-Arge [Arge 89 

and Pizzo, 2000; Arge et al., 2004] model coupled with the three-dimensional 90 

magnetohydrodynamic numerical model, ENLIL (Enlilv2.8f) [Odstrčil, 2003] combined with the 91 

Cone model [Xie et al., 2003] provide information that is needed to describe the propagation of a 92 

CME from the Sun’s photosphere to Mars’ orbital location. This combination of models, along 93 
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with only WSA-ENLIL, has been used in other planetary interaction studies such as at Mercury 94 

[e.g., Baker et al., 2009, 2010, 2013 and Dewey et al., 2015].  95 

 Going into detail, the WSA model contrives predictions of solar wind speed and 96 

interplanetary magnetic field (IMF) strength by using ground-based observations of the solar 97 

surface magnetic field as input to a magnetostatic potential-field source surface (PFSS) model 98 

[Schatten et al., 1969]. The WSA model then provides boundary conditions at 21.5 Solar Radii 99 

that can be given to ENLIL to subsequently model the solar wind flow outward to distances 100 

further than 1 AU [ Odstrcil et al., 2004b]. Along with the WSA model input, ENLIL can also 101 

take the Cone model's input parameters. These input parameters provide distinctive CME 102 

specifications such as the width, orientation and registered speed of each particular CME. The 103 

Cone model is a vital addition to the WSA-ENLIL combination because it assumes that CMEs 104 

propagating from the Sun do so with constant angular and radial velocity therefore form a cone 105 

shape, thus simulating a more realistic CME propagation.  The three models therefore provide 106 

state-of-the-art forecasts of solar wind flow speed, plasma density, solar wind mean plasma 107 

temperature, and magnetic field strength throughout the inner heliosphere.  108 

 To acquire a simulation run, a list of CMEs must be provided along with a source for solar 109 

magnetograms.  For the initial detailed period of this study (late December 2015 to March 2016), 110 

along with the second period of study (November 2014 to March 2016), a list of CMEs was 111 

obtained from the Database Of Notifications, Knowledge, Information (DONKI) space weather 112 

activity archive (kauai.ccmc.gsfc.nasa.gov/DONKI/).The database, which contains a catalog of 113 

numerous types of solar activity, is a result of the NASA Space Weather Research Center (SWRC) 114 

team daily monitoring of the space environment for NASA’s science campaigns. Although there 115 

are some caveats with the system due to measurements being subject to human error [e.g., 116 

Millward et al., 2013] all events occurring after August 2013 are said to be carefully reviewed by 117 

CCMC staff [Mays, 2016]. The CCMC continuously updates a list of derived CME geometries 118 

that are obtained from spacecraft that are observing a CME event near the solar limb similar to the 119 

process described in Lee et al. [ 2012].  120 

 The synoptic solar magnetograms chosen for this study were selected from the National 121 

Solar Observatory’s Global Oscillation Network Group (GONG) [Harvey et al., 1996].  GONG’s 122 

magnetograms were chosen due to their high cadence. GONG remaps minute-by-minute images 123 

to get a weighted sum to form a full-surface map of the photospheric magnetic flux density 124 
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(gong.nso.edu). However, it is noted on the model-run request site that GONG data have known 125 

issues with the polar fields, which are being studied by the GONG staff (ccmc.gsfc.nasa.gov). 126 

It should also be mentioned that the WEC model’s CME arrival times are reliant upon the 127 

initial CME geometry input parameters [Mays et al., 2015]. Accuracy has also been shown by Lee 128 

et al., (2012) to be reliant on the initial precision of the modeled background solar wind, which is 129 

determined by the input solar magnetograms supplied by the GONG observatories. In comparable 130 

studies, the most favorable magnetograms are ones that are updated on a 24-hour cadence to 131 

provide the utmost complete global photosphere magnetic field map. 132 

 133 

3. Data Observations and Analyses 134 

 135 

 3.1 Analysis of detailed run from December 2015 to March 2016 136 

 This study expands on previous techniques to determine solar wind conditions at Mars by 137 

modeling solar wind conditions from the solar surface to Mars’ orbital location [REF]. We 138 

compared the results from the WSA-ENLIL+Cone (WEC) model with direct solar wind and IMF 139 

measurements from the MAVEN spacecraft over the period from December 2015 to March 2016. 140 

In this period of study, there were a total of 83 CMEs documented on the DONKI database. All of 141 

these were used in the run and Figure 1 shows the results of the detailed run. 142 

 143 

Figure 1: The WEC model results for the period December 2015 through March 2016. WEC 144 
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(black) computed values and MAVEN (red) actual observations of IMF B, and solar wind 145 

parameters N, P, T and V are shown from the first to the fifth panel, respectively. Note the 146 

sparsity of data for MAVEN at the beginning of this time period is due to MAVEN not being in 147 

an interval of pristine solar wind. 148 

 149 

 In order to analyze the accuracy of the WEC model compared to MAVEN observations 150 

we first found how much or how little the modeled distribution underestimates or overestimates 151 

each solar wind parameter. To visualize this, Figure 2 includes histograms of the frequency 152 

distributions. It can be seen that solar wind speed is one of the best represented parameters. 153 

Taking everything into account, the WEC model tends to have smaller spreads than MAVEN's 154 

actual observations. 155 

  156 

 To aid in the visualization of the WEC 157 

model and MAVEN solar wind parameter 158 

comparisons, we have also included a series of "box plots" with a brief explanation of what each 159 

plot element means in the lower right corner. The box plots help to demonstrate the performance 160 

of the ENLIL component of WEC. ENLIL, which is a numerical code for solar wind disturbances, 161 

is responsible for the output of the five main solar wind parameters examined in this paper after 162 

receiving CME parameter information from the WSA and Cone model. In the following box plots, 163 

Figure 2: Histograms of frequency 
distributions from the entire detailed run from 

December 2015 to March 2016. Where the 
model's data have been orbit-averaged in order 
to compare to MAVEN's orbit averaged data 

sets. the bin sizes were chosen specifically for 
each parameter in order to adequately 

represent the data density 
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the model's  strengths in estimating solar wind speed can be easily seen. It can also be seen that 164 

the mean plasma temperature is under-predicted for the time period, as was found by Dewey et al., 165 

(2016). It is also clear that the WEC model continuously under predicts IMF strength, as stated by 166 

Dewey et al. [2015]. This can be attributed to the WEC model not including the magnetic cloud in 167 

simulation, [see Falkenberg et al., 2011]. Figure 3 aids in the visualization of the under-prediction 168 

of IMF strength.  169 

Figure 3: Box plots displaying maxima, minima, medians, upper and lower quartiles showing 170 

performance for WEC during December 2015 to March 2016 171 
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 Probing the WEC data set further for this time period, Figure 4 shows the number of times 172 

local maxima were found that reach above specific thresholds. On average, WEC captured only 173 

half of the maxima that MAVEN measured for each of the five parameters. 174 

 175 

Figure 4: Maxima shown for each solar wind parameter during December 2015 to March 2016 176 

that reach above specified values 177 

 178 

 To summarize the over/under-estimates of the WEC model compared to MAVEN, it was 179 

found that the IMF strength measured by MAVEN is on average 2.92 times more than WEC's 180 

estimated values. The proton density of MAVEN, as measured by the Solar Wind Ion Analyzer 181 

(SWIA) [J.S. Halekas et al., 2017], is 2.54 times more than the corresponding WEC values. 182 

Dynamic pressure values recorded by MAVEN were 2.59 times more than WEC's. The 183 

temperature of protons in eV of MAVEN was a factor of 3.63 times more than WEC's estimated 184 

values. Finally, MAVEN's recorded radial velocity of protons was 1.06 times more than WEC. 185 

Minima and maxima can also be visualized in the box plots of Figure 3. 186 
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 To compare how well the model does at recovering solar wind transient features, the CME 187 

shock arrival times that MAVEN observed are plotted in Figure 5, along with the modeled and in 188 

situ wind parameters. These shock arrival times came from Lee et al. (2017) findings, where solar 189 

wind transient and energetic particle events as observed by MAVEN were documented. As defined 190 

in Falkenberg et al., (2011) a shock at Mars is a simultaneous jump in the pressure proxy of at least 191 

2 nPa. 192 

Figure 5: Identified CME shock arrival times depicted in light green from December 2015 to 193 

late March 2016 along with both MAVEN (red) and WEC (black) 194 

 195 

 To evaluate the accuracy of shock detection, we compare the peak dynamic pressure 196 

between WEC and MAVEN. For this time period, the first CME that impacted Mars was on 01-197 

02-2016/03:50:00 UT. The peak dynamic pressure value was recorded to be 3.4 nPa. The second 198 

CME shock arrival time was recorded to be on 01-06-2016/02:40:00 UT measuring 3.0 nPa. the 199 

last impacting CME for this time range was on 02-04-2016/06:05:00 UT and the peak dynamic 200 

pressure was recorded at 3.3 nPa.  201 

 Referencing the WEC dynamic pressure data set, WEC estimated the dynamic pressure on 202 

the 01-02-2016/03:50:00 UT CME to be 0.25 nPa, 01-06-2016/02:40:00 UT at 1.59 nPa and 203 

finally, 02-04-2016/06:05:00 UT at 0.22 nPa.  Therefore, WEC underestimated the peak dynamic 204 
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pressure on average throughout this period by a factor of around 10 nPa. It should be noted for this 205 

period of detailed analysis that there are many apparent shocks in pressure which are missed by 206 

the simulation. The largest shock event, which occurred on 2016-01-13/15:00:00 UT measuring 207 

7.59 nPa by MAVEN was missed by the WEC model. The closest event that the WEC model 208 

recorded was 2016-01-14/12:40:00 UT at 1.97 nPa. 209 

 210 

 3.2 Comparison between WEC model simulation results and MAVEN data for an 211 

extended time range. 212 

 in order to determine if the WSA-ENLIL+Cone (WEC) model could be used to obtain 213 

continuous solar wind forcing knowledge for an extended period of time, we performed a run for 214 

an extended period of time from November 2014 to March 2016. The simulation of the 215 

propagation, evolution and interaction of solar wind disturbances enroute to Mars is a 216 

challenging task and for such a lengthy stretch of 217 

time, it was beyond the capabilities of the 218 

simulation to include the total number of CMEs 219 

that occurred in the inner boundary file for 220 

ENLIL. However, it was still important to request 221 

this year-long run so that the model's capabilities 222 

and limitations can be further explored. We 223 

therefore filtered out CMEs that were too slow or 224 

too narrow. For example, CMEs that were 225 

detected by the Sun Earth Connection Coronal 226 

Heliospheric Investigation (SECCHI: Howard 227 

et al., 2008) on board the Solar Terrestrial Relations Observatory (SETERO A/B: Kaiser et al., 228 

2007) and Large Angle Spectrometric Coronagraph C2 or C3 on board Solar and Heliospheric 229 

Observatory (SOHO: Domingo and Poland, 1995) that were detected to be under 300 km/s were 230 

excluded along with CMEs that had a half width less than 10.0. Table 2 shows the number of 231 

CMEs that were included for the extended time period versus the total number of CMEs that 232 

were documented from the DONKI website. The large time range was broken down into 3 233 

seasons in order to better be analyzed. The following figures (Fig 6, 7, and 8) show a broad 234 

Table 1: number of CMEs that were 
included for extended run versus the total 

numbers of CMEs documented on DONKI 
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overview of the data obtained from the WSA-ENLIL+Cone simulation for each of the three 235 

seasons.  236 

Figure 6: December 2015 to March 2016 season plotted for extended run. WEC (black) and 237 

MAVEN (red). The 5 solar wind parameters in each panel are as follows: magnitude of the 238 

magnetic field (B) measured in nT. The number of protons in solar wind (N) measured per cm3. 239 

the RAM pressure (P) measured in nPa, the magnitude of temperature (T) measured in eV, and 240 

the velocity of protons (V) measured in km/s. 241 
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 242 

Figure 7: the preceding summer season June 2015 to October 2015. WEC (black) MAVEN 243 

(red). 244 

 245 

Figure 8: WEC (black) run from November 2014 to March 2015 MAVEN is depicted in red. 246 

 247 

 Upon inspecting all seasons to see if WEC model agreed with actual MAVEN 248 

observations, we conducted similar statistical analyses to the detailed run. It was found that for 249 

the extended (i.e. less detailed) run from December 2015 to March of 2016, the IMF strength 250 

measured by MAVEN was on average 1.78 times more than WEC's. MAVEN's proton density 251 

was on average 2.52 times more than WEC's, MAVEN's dynamic pressure was on average 2.35 252 

times more than WEC's. MAVEN's temperature was 2.81 times more than WEC's estimate, and 253 

WEC's solar wind speed was on average 1.09 times more than MAVEN's SWIA instrument 254 

documented. When comparing MAVEN's temperature values to WEC estimated temperatures, it 255 

should be noted that temperature values from MAVEN for the orbited averaged data are 256 

overestimated, this is especially true for the coldest solar wind because temperature 257 

measurements are limited by the instrumental energy and angular resolution [ J. Halekas, 258 

personal communication,  30 March 2017].  259 
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 260 

 For the summer season, June 2015 to October 2015, it was found that the IMF strength 261 

measured by MAVEN was on average 2.21 times that of WEC's, WEC's proton density was 1.05 262 

times that of MAVEN's. WEC's dynamic pressure was 1.03 times more than MAVEN's. 263 

MAVEN's mean plasma temperature estimates were found to be 3.55 times more than 264 

MAVEN's, and WEC's velocity was 1.08 times more than MAVEN's. 265 

Figure 9: Histograms of frequency 
distributions from the extended run 

from December 2015 to March 2016 

Figure 10: Histograms of frequency 
distributions from the extended run 

from June 2015 to October 2015 
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 For the first winter season (i.e. November 2014 to March 2016) for the extended run, the 266 

IMF strength measured by MAVEN was on average 1.78 times more than WEC's. MAVEN's 267 

proton density was a factor of 2.74 more than WEC's. MAVEN's dynamic pressure was 1.75 268 

times that of WEC's. MAVEN's temperature was a factor of 2.31 more than that of WEC's 269 

estimate. WEC's velocity is 1.17 times that of MAVEN's.  270 

  271 

 We then continued to probe the performance of the WEC model using the mean square 272 

error (MSE) as a measure of prediction accuracy. Averaging the three season's MSEs during the 273 

extended time period, it was found that the average MSE for IMF strength was 11.79 nT2, and 274 

10.11 nT2 for the detailed run. 275 

The proton density (N) had a 276 

MSE of 11.50 cm-6 for the 277 

extended, 8.70 cm-6 for the 278 

detailed. The dynamic 279 

pressure (P) was 0.74 nPa2 for 280 

the extended, 0.72 nPa2 for the 281 

detailed. Proton temperature 282 

(T) MSE was calculated to be 283 

50.79 eV2 for the extended, 44.83 eV2 for the detailed run. Finally, solar wind speed (V) MSE was 284 

Table 2: Mean Square Error between WEC and MAVEN for 
each period of time. 

Figure 11: Histograms of frequency 
distributions from extended first winter season 

from November 2014 to March 2015 
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found to be 1.3*104 @A
B

CB
 for the extended run compared to 1.21e04 @A

B

CB
 for the detailed. These 285 

results are summarized in Table 2, note that a value closer to 0 is preferable.  286 

 287 

 Continuing with the parameter 288 

comparisons, we found the ratio of 289 

median values modeled by WEC and 290 

observed by various MAVEN 291 

instruments for the detailed run and for 292 

the extended run. Here values closer to 1 293 

display excellent agreement between the 294 

model and the observations. We see that 295 

the averaged median ratio of the IMF 296 

strength estimated by WEC compared to 297 

MAVEN (BWEC/BMAVEN) for the extended run is 0.59 compared to the detailed run which was 0.39. 298 

NWEC/NMAVEN averaged for the extended run was 0.63 and 0.56 for the detailed. PWEC/PMAVEN 299 

averaged was 0.75 for the extended period compared to 0.54 for the detailed period. TWEC/TMAVEN 300 

for the extended time period was 0.44 compared to 0.31 for the detailed period. VWEC/VMAVEN was 301 

1.09 for the extended period and 1.01 for the detailed period. Table 3 summarizes these results 302 

with the exception that the extended period is broken up into seasons. 303 

 304 

 Concluding our parameter comparison, we also conducted analysis on the shock arrival 305 

times as observed by MAVEN from December 2014 to March 2016. The shock arrival times for 306 

the extended run were also taken from Lee et al., (2017). In Figure 12, the first winter period is 307 

plotted with identified shock arrival times at MAVEN's orbital location. The values are determined 308 

from the orbit-averaged resolution upstream solar wind data set. During the winter period from 309 

December 2015 to March 2016 for the extended run, MAVEN detected three total CMEs. The first 310 

arriving on 01-02-16/03:50:00 UT measuring 3.4 nPa, and 01-06-16/02:40:00 UT measuring 3.0 311 

nPa and then on 02-04-16/06:05:00 UT measuring 3.3. WEC's corresponding dynamic pressure 312 

values were 0.16 nPa, 0.16 nPa and 0.87 nPa, respectively. Therefore, on average, WEC 313 

underestimated peak dynamic pressure by a factor of ~15. Compared to the detailed period where 314 

Table 3: Ratio of median values of WEC versus 
MAVEN for each time period. 
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peak dynamic pressure was under predicted by a factor of ~10. Figure 12 displays the identified 315 

CME shock arrival times and MAVEN and WEC's corresponding parameters during these times. 316 

 317 

Figure 12: Identified CME shock arrival times for the extended run depicted in light green 318 

from December 2015 to March 2016 where MAVEN is in red and the WEC model in black. 319 

 320 

 For the summer time period during the extended run, MAVEN recorded a CME shock 321 

arrival on 07-06-15/20:00:00 measuring 2.1 nPa and a second CME on 10-06-15/17:30:00 322 

measuring 3.5 nPa. WEC's corresponding measurements during these time periods were 0.53 and 323 

2.05 nPa, respectively. Therefore, under-predicting peak dynamic pressure by a factor of ~3.  324 
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 325 

Figure 13: Identified CME shock arrival times for the extended run depicted in light green as 326 

observed by MAVEN from June 2015 to October 2015 where MAVEN is in red and the 327 

WEC model in black 328 

 329 

 During the first winter period from November 2014 to March 2015, there were a total of 5 330 

CMEs that impacted Mars. MAVEN observed the first on 12-18-14/02:00:00 UT at measuring 1.6 331 

nPa, 02-27-15/02:30:00 UT with 4.5 nPa, 03-04-15/04:40:00 with 6.5 nPa, 03-07-15/04:00:00 UT 332 

with 4.5 nPa and finally 03-08-15/21:00:00 UT measuring 12.5 nPa. 333 

 The corresponding simulated WEC values for these time periods were 1.91 nPa at 12-18-334 

2014/02:00:00 UT, 0.69 nPa at 02-27-2015/02:30 UT, 5.97 nPa at 03-04-2015/04:40:00 UT, 1.38 335 

nPa at 03-07-2015/04:00:00 UT, and 0.88 nPa at 03-08-2015/21:00:00 UT. WEC therefore under-336 

predicted MAVEN observed peak dynamic pressure values by a factor of 5.  Averaging the 337 

underestimations throughout the entire extended period of analysis, WEC under-predicted 338 

observations by a factor of 8. Compared to the detailed period of analysis which under-predicted 339 

the three documented CMEs by a factor of 10. 340 

 341 

  342 
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 343 

Figure 14: Identified CME shock arrival times for the extended run depicted in light green as 344 

observed by MAVEN from November 2014 to March 2015 where MAVEN is in red and the 345 

WEC model in black. 346 

 347 

 348 

4. Discussion and Conclusion 349 

 350 

 Expanding on pre-existing methods that determine solar wind conditions at Mars, we first 351 

tested a detailed and relatively short time period (December 2015 to March 2016) to get an idea of 352 

the overall sensitivity of the model, and to determine the accuracy of the results. Then we requested 353 

an extended run from November 2014 to March 2016 to demonstrate that although not all CMEs 354 

were included in the simulation, it is still possible to have an average continuous account of solar 355 

wind conditions near Mars' orbital location. Whereas Dewey et al. (2017) compared background 356 

solar wind statistics at Mars to those at 1 AU from late November 2014 to mid-March 2015, along 357 

with the 8 March ICME case study, this study examined a wider time range, along with 358 

determining whether or not extended periods of analysis are as valid as shorter runs. The hope is 359 
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that with the use of the WEC model as a characterization tool, we can provide contextual 360 

information for planetary studies, especially for times where there is no means to obtain pristine 361 

solar wind readings. 362 

 It has been shown in multiple studies [e.g., Dewey et al., 2017, Lee et al., 2015, Dewey et 363 

al., 2015] that even in detailed runs, the WEC model does not completely capture trends of 364 

observed solar wind and IMF properties (e.g., under-prediction of IMF strength, systematic over 365 

prediction of temperature). As found by Falkenberg et al., [2011] many ICMEs change direction 366 

in propagation so assuming radial propagation from their point of origin may not be valid in all 367 

cases.  Therefore, by executing a more generalized and expansive simulation does not result in less 368 

accurate correlations between the model and observations. We have shown this through comparing 369 

MSE values with MAVEN and the WEC model from a detailed run along with an extensive run, 370 

comparing by what factors WEC over- or under-predicts MAVEN values for both runs, and 371 

comparing the ratio of medians for both runs. Given the model's limitations, having extended runs 372 

do not differ greatly compared to detailed runs.  This demonstrates that it is possible to use 373 

extended periods to capture general trends and baseline values in solar wind parameters and IMF 374 

properties. 375 

 The data provided by MAVEN allows us to continually adjust the solar wind and 376 

interplanetary magnetic field modeling for reliability and overall validity. Both the extended and 377 

detailed runs discrepancies with in situ observations most likely come from the WEC model not 378 

including microscopic processes. 379 

 We therefore conclude that the WEC model will not only provide an ever-clearer 380 

representation of corotating interaction regions, high speed solar wind streams and interplanetary 381 

magnetic field properties, but also help to fill gaps that exist in the record of in situ spacecraft 382 

observations. As different campaigns are launched in an effort to document and characterize solar 383 

wind conditions at Mars, models such as WEC can provide aid in the understanding and depiction 384 

of the Martian space environment.   385 

 386 
 387 
 388 
 389 
 390 
 391 
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